Introduction {#S0001}
============

Computed tomographic coronary angiography (CTCA) is an established non-invasive tool allowing anatomical evaluation of coronary artery disease (CAD) \[[@CIT0001]\]. However, motion artifacts caused by heart rate irregularities remain challenging for physicians ([Figure 1](#F0001){ref-type="fig"}); and in many centers arrhythmia is still a contraindication for CTCA \[[@CIT0002], [@CIT0003]\]. It is well known that lidocaine is very effective in suppressing premature ventricular contractions (PVC) \[[@CIT0004], [@CIT0005]\]. After an intravenous bolus of the drug the therapeutic level is achieved very fast, but it also falls very rapidly as lidocaine is quickly metabolized \[[@CIT0003], [@CIT0004]\].

![Step-ladder artifacts (arrows) caused by numerous PVC](PWKI-9-21392-g001){#F0001}

Aim {#S0002}
===

The aim of this study was to analyze retrospectively the safety and efficiency of a lidocaine bolus given before CTCA to improve CTCA quality by reducing the number of arrhythmia-induced artifacts.

Material and methods {#S0003}
====================

The current study was designed as retrospective case controlled analyses based on the data from a large single center CTCA registry. The registry was approved by the local Ethic Committee. In our CT department we took the approach to use a lidocaine bolus in patients with numerous PVC who are referred for CTCA in order to temporarily suppress the arrhythmia. The study group comprised consecutive patients with sinus rhythm and numerous PVC who were scheduled for CTCA and in whom a lidocaine bolus was administered prior to CTCA examination. Patients with a history of prior coronary revascularization or known allergy to lidocaine were excluded. The control group comprised patients with sinus rhythm without any ectopic beats matched according to the body mass index (BMI), age, sex, and calcium score.

Lidocaine administration and ECG tracing analysis {#S20004}
-------------------------------------------------

All patients from the study group received lidocaine prior to CTCA examination. Intravenous boluses of 25 mg to 50 mg (up to a total dose of 100 mg) were given at the discretion of the physician supervising the examination, after calcium score assessment and immediately before CTCA. The arbitrary decision was made not to exceed the dose of 100 mg. The available ECG tracings recorded during calcium score and contrast CTCA were analyzed for the presence, number, and pattern of PVC.

CTCA data acquisition and analyses {#S20005}
----------------------------------

The CTCA dataset was acquired with a dual-source 64-slice CT scanner (Somatom Definition, Siemens, Forchheim, Germany). An ECG-gated helical retrospective acquisition protocol was performed with 330 ms rotation time, 0.6 mm collimation, and tube voltage of 100--140 kV adjusted manually for body mass index. The temporal resolution was 83 ms and the slice thickness 0.6 mm with an increment of 0.4 mm. ECG-based tube current modulation was used in all patients with the acquisition window set at 40--70% of the R-R interval. If PVC occurred during acquisition, the tube current modulation was automatically off. Coronary wall calcification was assessed visually and determined quantitatively with the use of a standard built-in algorithm on an off-line workstation (Syngo Multimodality Workplace™, Siemens). Peak arterial enhancement time was determined by the test bolus technique. During scan acquisitions, the contrast medium was injected at a rate of 5--6 ml/s, followed by a 40-ml saline flush from an automatic injector. In all patients nitrates were administered sublingually (0.8 mg). In patients with a heart rate above 65/min, intravenous metoprolol (sequential doses of 2.5 mg, maximal dose 15 mg) was given prior to the calcium score scan. Raw data at the phase of the R-R interval with the least motion was used to obtain the optimal reconstructions. The initial reconstruction was chosen automatically by a vendor provided algorithm (BestPhase; Siemens Healthcare) which interpolated the raw data at all available intervals and searched for the single phase of the RR cycle with the fewest artifacts. If clinicians were not satisfied with the automatically optimized phase reconstruction, additional phases were applied and, if necessary, manual ECG editing was performed at additional phases. All coronary vessel segments were assessed according to the modified AHA classification (model of coronary tree with 13 segments) \[[@CIT0006]\] for image quality and presence of significant stenosis by an experienced reader and classified as follows: 1 -- absence of artifacts; 2 -- minor artifacts; 3 -- considerable artifacts but maintained visualization of arterial lumen; 4 -- diagnostically limited due to step-ladder artifacts; 5 -- nondiagnostic due to severe motion artifacts or severe calcifications. The CTCA studies with an assigned score of 5 in any coronary artery were defined as non-diagnostic studies. The segments were scored for the presence of vessel stenosis using the following classification: 1 -- without lesion; 2 -- stenosis of 0--30%; 3 -- stenosis of 30--70%; 4 -- stenosis of 70--90%; 5 -- stenosis of \> 90%; 6 -- nondiagnostic due to image quality. The radiation exposure for CTCA was quantified by using dose-length product (DLP) and the volume CT dose index (CTDI~vol~). These values were obtained from the scanner console. For radiation dose independent from the pitch the weighted CT dose index (CTDIw) was calculated for each patient.

Statistical analysis {#S20006}
--------------------

Continuous data with normal distribution are presented as means with standard deviation while non-normally distributed variables are presented as medians with interquartile ranges (IQR). An independent samples *T*-test, paired *T*-test, Mann-Whitney test and Wilcoxon test were used as appropriate to assess differences between continuous variables. Categorical variables were compared with the χ^2^ test.

Results {#S0007}
=======

Patient population {#S20008}
------------------

Between March 2009 and July 2011, we performed CTCA scans in 4800 patients. There were 79 consecutive patients with ventricular arrhythmias who were given an intravenous bolus of lidocaine prior to examination. We administered the lidocaine in increasing doses from 25 mg to 100 mg depending on the decision on achieved suppression of PVC. Eight patients received 25 mg, 53 patients received 50 mg, 3 patients 75 mg, and 15 subjects 100 mg of lidocaine. We did not observe significant adverse effects of lidocaine administration except for transient tinnitus in a single patient and transient symptomatic sinus bradycardia (35/min) in a single patient who received both β-blocker and lidocaine. The bradycardia was successfully treated with atropine administration. It is unclear if bradycardia was related to β-blocker or lidocaine administration.

In 12 cases the contrast-enhanced CTCA examination was abandoned after calcium score assessment. In one case the reason was the aforementioned bradycardia and in 11 patients, in the arbitrary opinion of the physician supervising the examination, lidocaine was not effective enough in the suppression of PVC; and the risk of obtaining non-diagnostic images was too high. These 12 patients were referred for invasive angiography. Complete scan protocol (calcium scoring and CTCA) was performed in 67 patients for which the control group was matched. Baseline patients' characteristics are presented in [Table 1](#T0001){ref-type="table"}.

###### 

Demographics and CTCA procedural variables

  Variable                                    Study group (*n* = 67)       Control group (*n* = 67)    Value of *p*
  ------------------------------------------- ---------------------------- --------------------------- --------------
  Age, mean ± SD \[years\]                    61.1 ±10.7                   61.3 ±10.5                  0.90
  Men, *n* (%)                                31 (46.27)                   31 (46.27)                  
  Body mass index, mean ± SD \[kg/m^2^\]      28.2 ±5.2                    28.2 ±5.1                   0.98
  Ca score                                    10.2 (IQR 0.0--137.6)        6.6 (IQR 0.0--134.6)        0.97
  Tube potential of 100 kVp, *n* (%)          17 (28.8)                    9 (18.4)                    0.10
  Tube potential of 120 kVp, *n* (%)          42 (71.2)                    38 (77.5)                   
  Tube potential of 140 kVp, *n* (%)          0                            2 (4.1)                     
  β-Blockers, *n* (%) \[mg\]                  40 (59.7)                    27 (40.3)                   0.04
   2.5                                        17 (25.4)                    8 (11.9)                    0.42
   5                                          17 (25.4)                    10 (14.9)                   
   7.5                                        2 (3.0)                      2 (3.0)                     
   10                                         3 (4.5)                      7 (10.4)                    
   15                                         1 (1.5)                      0                           
  Mean heart rate during Ca scan, mean ± SD   68.2 ±13.7                   64.1 ±10.1                  0.06
  Mean heart rate during CTCA, mean ± SD      62.8 ±8.9                    60.8 ±8.8                   0.20
  Dose-length product \[mGy × cm\]            1058.5 (IQR 810.0--1295.5)   903.5 (IQR 609.0--1105.0)   0.01
  CTDIvol                                     105.40 (IQR 87.3--127.7)     98.2 (IQR 80.3--114.9)      0.18
  Pitch, mean ± SD                            0.27 ±0.15                   0.26 ±0.03                  0.04
  Scan time, mean ± SD \[s\]                  10.6 ±2.0                    9.9 ±2.3                    0.09

Ca score -- calcium score, CTDI~vol~ -- volume computed tomography dose index, CTCA -- computed tomographic coronary angiography

Lidocaine effect {#S20009}
----------------

Out of 67 patients paired ECG data obtained during calcium scoring (prior to lidocaine examination) versus during CTCA scan were available for 55 patients ([Figure 2](#F0002){ref-type="fig"}). Premature ventricular contractions during calcium score assessment were present in 44 patients (80%) and included: numerous single ventricular extrasystoles (39 patients), ventricular bigeminy (3 patients), couplets (1 patient), and non-sustained ventricular tachycardia composed of 3 beats (1 patient). In 11 patients no PVC occurred during calcium score acquisition, but significant arrhythmia was observed immediately before and after this scan. As compared with calcium score assessment, after administration of lidocaine and during the CTCA scan PVC were completely suppressed in 22 patients (40%), in 10 (18%) patients the number of ectopic ventricular beats per scan was reduced, in 18 (32%) patients there was no reduction in arrhythmia intensity, and in 5 (10%) patients the arrhythmia was intensified ([Table 2](#T0002){ref-type="table"}). Overall, there were 32/55 patients (58%) with absolutely normal sinus rhythm during CTCA as compared with only 11/55 patients (20%) free from ectopic beats during calcium score assessment (*p* \< 0.001).

![ECG tracing with 4 PVC during calcium score examination (**A**) and without PVC during contrast-enhanced CTCA after administration (**B**)](PWKI-9-21392-g002){#F0002}

###### 

Impact of the lidocaine bolus given immediately before CTCA on the heart rate

  Variable                                       Ca scan (before lidocaine bolus)   CTCA scan (after lidocaine bolus)   Value of *p*
  ---------------------------------------------- ---------------------------------- ----------------------------------- --------------
  Mean heart rate                                68.2 ±13.7                         62.9 ±8.9                           0.0004
  Ventricular extrasystoles                      44/55 (80.0%)                      23/55 (42.0%)                       0.002
   Single ventricular extrasystoles              39/55 (70.9%)                      22/55 (42.1%)                       0.002
   Ventricular bigeminy                          3/55 (5.4%)                        0/55 (0%)                           
   Couaplets                                     1/55 (1.8%)                        1/55 (1.7%)                         
   Ventricular tachycardia                       1/55 (1.8%)                        0/55 (0%)                           
  No. of contractions during image acquisition   2.0 (IQR 0.0--3.0)                 0.0 (IQR 0.0--1.0)                  \< 0.0001

Ca score -- calcium score, CTDIvol -- volume computed tomography dose index, CTCA -- computed tomographic coronary angiography

Additional analysis was performed for the broader group comprising also 12 patients in whom CTCA was abandoned even though they received lidocaine. If the assumption was made that PVC were present in those 12 subjects both during calcium score examination and during contrast-enhanced CTCA (if it was performed) the effect of lidocaine was still significant (normal sinus rhythm during contrast scan in 32/67 patients (48%) vs. 11/67 (16%) during calcium score before lidocaine (*p* \< 0.001)).

Procedural variables {#S20010}
--------------------

The heart rate during calcium score assessment tended to be higher in the study group (*p* = 0.06), but there was no difference in heart rate during contrast examination (*p* = 0.2). β-Blockers were used more frequently in the study group, but the dose used was similar in the two groups ([Table 1](#T0001){ref-type="table"}). The tube potential in both arms and scan times were similar, but the dose-length product was larger in patients with ventricular arrhythmia (*p* = 0.01) ([Table 1](#T0001){ref-type="table"}). This could be explained by lack of tube current modulation during CTCA after an ectopic ventricular beat.

Per segment image analyses and quality {#S20011}
--------------------------------------

Median calcium score was similar in the study group (10.2 IQR 0.0--136.6) and in the control patients (6.6 IQR 0.0--134.6) (*p* = 1.0). Ninety-eight segments were excluded from the analysis of the disease extent by CTCA because of low image quality (43 segments) or variations in vessel anatomy or small artery diameter (55 segments). The overall severity of coronary lesions was similar in the study group versus control patients ([Table 3](#T0003){ref-type="table"}). There were 13 (19.4%) patients with at least one segment with a \> 70% diameter stenosis in the study group versus 15 (22.4%) control patients (*p* = 0.8).

###### 

Results of image quality and severity of coronary artery disease assessment in per-segment and per-patient analyses

  Variable                                                                  Study group (*n* = 67)   Control group (*n* = 67)   Value of *p*
  ------------------------------------------------------------------------- ------------------------ -------------------------- --------------
  Mean quality, mean ± SD                                                   1.32 ±0.69               1.15 ±0.41                 0.15
  Patients with ≥ 1 non-diagnostic segment, *n* (%)                         8 (11.9%)                4 (6.0%)                   0.36
  Image quality per segment                                                                                                     
   Absence of artifacts                                                     752/871 (86.3%)          808/871 (92.8%)            \< 0.0001
   Minor artifacts                                                          41/871 (4.7%)            29/871 (3.3%)              
   Considerable artifacts but maintained visualization of arterial lumen    31/871 (3.6%)            14/871 (1.6%)              
   Diagnostically limited due to step-ladder artifacts                      15/871 (1.7%)            10/871 (1.1%)              
   Non-diagnostic due to severe motion artifacts or severe calcifications   32/871 (3.7%)            10/871 (1.1%)              
  Disease extent per segment                                                                                                    
   Without lesion                                                           485/871 (55.7%)          560/871 (64.3%)            0.20
   0--30%                                                                   229/871 (26.3%)          172/871 (19.7%)            
   30--70%                                                                  68/871 (7.8%)            70/871 (8.0%)              
   70--90%                                                                  14/871 (1.6%)            34/871 (3.9%)              
   \> 90%                                                                   4/871 (0.5%)             8/871 (0.9%)               
   Nondiagnostic due to image quality                                       32/871 (3.7%)            11/871 (1.3%)              
   Nondiagnostic due to vessel anatomy                                      39/871 (4.5%)            16/871 (1.8%)              

Image quality was assessed for 871 coronary segments in the study group and control patients. Overall, the quality was worse in patients with ventricular arrhythmias (*p* \< 0.0001) ([Table 3](#T0003){ref-type="table"}). Thirty-two (3.7%) segments in the study population and 10 segments (1.1%) in the control group were non-diagnostic due to severe motion artifacts or calcifications (*p* = 0.001). Within the study group the number of motion artifacts in patients with complete PVC suppression following lidocaine administration was lower as compared to the poorer responders (*p* = 0.002) ([Table 4](#T0004){ref-type="table"}).

###### 

Comparison of image quality and severity of coronary artery disease in patients in whom PVCs were completely suppressed after lidocaine administration versus those with persistent PVCs

  Variable                                                                 Patients with suppressed PVCs (*n* = 41)   Patients with no reduction in arrhythmia (*n* = 26)   Significance
  ------------------------------------------------------------------------ ------------------------------------------ ----------------------------------------------------- --------------
  Mean quality                                                             1.31 ±0.62                                 1.51 ±0.90                                            0.13
  Patients with ≥1 non-diagnostic segment                                  5 (12.2%)                                  3 (11.5%)                                             0.96
  Image quality per segment                                                                                                                                                 
   Absence of artifacts                                                    479/533 (89.9%)                            273/338 (80.8%)                                       0.0002
   Minor artifacts                                                         19/533 (3.6%)                              22/338 (6.5%)                                         
   Considerable artifacts but maintained visualization of arterial lumen   10/533 (2.4%)                              21/338 (6.2%)                                         
   Diagnostically limited due to step-ladder artifacts                     11/533 (1.9%)                              4/338 (1.2%)                                          
   Nondiagnostic due to severe motion artifacts or severe calcifications   14/533 (2.6%)                              18/338 (5.3%)                                         
  Patients with ≥ 70% stenosis in ≥1 segment                               10 (24.4%)                                 3 (11.5%)                                             0.20

Per patient image quality analyses {#S20012}
----------------------------------

The analysis including 12 patients in whom CTCA was not performed because of lidocaine ineffectiveness showed that the percentage of patients with either at least a single non-diagnostic segment or non-responsive to lidocaine was higher than the proportion of patients with a non-diagnostic segment in the control group (20/79 (25%) vs. 4/67 (6%); *p* = 0.004). However, if those 12 patients in whom contrast-enhanced CTCA was abandoned were excluded, we found no statistically significant difference in the number of patients with at least a single segment of non-diagnostic quality: 8 (12%) vs. 4 (6%) (*p* = 0.36) (for study group and control patients, respectively).

Discussion {#S0013}
==========

The main finding of the current study was that a single lidocaine bolus given immediately prior to CTCA was safe, temporarily eliminated or reduced the intensity of arrhythmia and facilitated CTCA in a substantial proportion of patients with numerous PVC referred for CTCA. The current manuscript although retrospective is the first report on the novel approach of temporal heart rhythm stabilization prior to CTCA.

Extensive calcifications and motion artifacts related to heart rhythm irregularities are major limitations of CTCA \[[@CIT0007]--[@CIT0009]\]. It is relatively easy to slow down the heart rate in patients with sinus rhythm with β-blockers and hence improve image quality \[[@CIT0010]--[@CIT0012]\]. However, β-blockers are not that effective in temporal suppression of arrhythmias such as frequent PVC \[[@CIT0013], [@CIT0014]\]. Premature ventricular beats may be a manifestation of obstructive coronary artery disease \[[@CIT0015]\] and occur in up to 10% of patients referred for CTCA \[[@CIT0016], [@CIT0017]\]. In our experience the percentage of patients with PVC scheduled for CTCA is lower, most likely because of the awareness of the physicians who refer these subjects directly for invasive angiography. Recently it has been shown that if PVC occur during the calcium score scan, they are also present in the same number during subsequent CTCA and significantly worsen image quality \[[@CIT0016]\]. Therefore, the presence of frequent PVC observed immediately before CTCA is considered as a relative contraindication for the procedure. Our results document that a lidocaine bolus given immediately after calcium score scanning and before CTCA effectively abolishes or reduces the number of PVC in a substantial proportion of patients. Therefore, this strategy may broaden the population of patients who may benefit from non-invasive anatomical assessment of coronary artery disease. However, it should be stated that lidocaine did not prove to be an ideal tool as in around 50% of patients the arrhythmia did not diminish after lidocaine and CTCA was either not performed or significant motion artifacts impaired image quality.

A recent study investigated a new algorithm for advanced arrhythmia rejection/compensation that allowed a decrease in radiation exposure with similar image quality as compared with classical retrospectively ECG-gated helical scanning \[[@CIT0018]\]. The combination of our pharmacological approach to patients with PVC and newer acquisition algorithms and techniques \[[@CIT0018], [@CIT0019]\] may be an optimal strategy to achieve high diagnostic accuracy CTCA studies among patients with various heart rates and rhythms.

The most frequent adverse effects of intravenous lidocaine administration are in general dose dependent, occur during continuous infusion or after a bolus given too quickly, and are related to central nervous system involvement \[[@CIT0005], [@CIT0020]\]. In our study we observed only one transient episode of tinnitus and therefore our strategy seems to be safe. We observed that patients with PVC during calcium score scan received significantly higher radiation doses during CTCA compared to patients with normal sinus rhythm despite a favorable lidocaine effect. These findings seem to be in line with the data published so far \[[@CIT0009], [@CIT0021]\].

The major limitations of the study are its retrospective nature, paired ECG tracing from calcium score scan and CTCA scan were available only for 82% of the study group, and there was no routine invasive coronary angiography to verify the CTCA diagnostic accuracy. In addition, ideally each patient would have served as his own control with CTCA performed before and after lidocaine administration. Not all patients with PVC who were referred for CTCA were given lidocaine as our approach to this method was evolving in time.

In conclusion, a single lidocaine bolus given prior to CTCA is safe, may temporarily eliminate or reduce the intensity of arrhythmia, and hence may facilitate CTCA in a substantial proportion of patients with numerous PVC. Further prospective study is warranted to directly address the usefulness of lidocaine prior to CTCA in patients with numerous PVC.
